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(54) A gas detector 

(57) The detector comprises two sources 21. 22 of infra-red radiation and reflectors 23. 24 and filters 25, 26 to provide two 
collimated beams of different frequencies which are combined 26. The combined beams are split by beam splitter 27 so that 
part passes to a compensation detector 29 and part is passed through a sample of gases which are being examined. A 
retro-reflector 32 returns the gas along the same pattiii.through the beam splitter 27 and onto a measuring detector 34, 

The filter 25 allows the transmission of a narrow band of infra-red radiation which exhibits absorption by the gas to be 
"detecteSr The filter 26, which may be part of tRe^dbmbirier; allows a waveband'Of infra^fSd radiation to pasrwhtch exhibits 
less absorption by the gas to be detected. The relative intensities of the components of the combined beam emerging from 
the sample are examined by the sensor 34 to produce an indication of whether the gas to be detected is present in the 
sample. 

A thir dsourff of infra-red radiation may be provided to facilitate the detection of a further gas (Fig. 3). 
The'»mpone'nts of the optical system are housed in a moulded substrate and the mountings for the optical elements 
are provided on the substrate. 
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At least one drawing originally liled was intormal and the print reproduced here is taken from a later filed formal copy. 
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A GM DEteCTOR 

: pfi^ mineS/ oil platfocrtts or . 

. the eriviraniTent to pruvijde early 'warning of the build-n:p of ' ' 
ooribustible or toxic gases before dangerous levels are reached* 
Instruments for nnnitoring mast Joe sufficiently rugged and rcabust to 
st£U3d Iflp tx> the harsh emrixa^inent of siidi industrial siteis. 

For gas or vapour detection in sudi operations, the selective 
absoiritiori of electrctnagnetic radiation by the offending gases 
: prpvides a l^ of ^ detection which has been ^plied in instrument 

■ design, *••-;'■',..■■ 

The present invention relates to an apparatus for detecting a gas by 
selective absorption of optical radiation. 

The present invention also relates to a gas detector conprising a 
substrate carrying an arrangement of optical elements. 

Gas detectors based on the optical absorption of radiation dejjend on 
using a narrow band of radiation centred on a frequency vMch is 

■ identifiable with a strong absorption in the absorption spectrum of 
the ^s to be detected. ^Bie term "bptical" is used to refer to 
radiation: ranging between ultra-violet and infra-red* 

In one form of a gas measuring instrument, a radiation beam of a 
narrow waveband is passed alternately along an optical path 
throu^ a gas mixture oontainijig the gas to be detected and along a 
reference path v^iere the beam is not exposed to the gas to be 
detected. The reference ,path may be thrbu^ a reference gas 
transparent to radiation of the particular waveband. Ihe absorption 
of the radiation by the gas to be detected can be derived f ran the 
difference in the measured intensities of the beam passed along each 
optical path and hence , the oonoentration of the gas can be 
determined. 



Ohe selection of alternate optical paths can be achieved either ty 
itedianical neons v^ch deflect tte boara into the fixed separate^ 
optical pathS / or by red^^ ; 
suoqsssiSreiy Exi^er^ ^f^^^^ 
to the beam of f^xed freqj^^ ref eirehoe: gas may 1^ 

in a tube vftiich is an integral part of the rbtof . iin exarqple of 
this type of arrangenent is described in UK Patent No. 1601233. 

Aseottxlt^ 

passed along a single fixed optical path thr6i#i a mixture of gpases 
containing the gas to be detect^ by successively posing a first and 
a second vraiveband along the optical -ilie first wav^aand Ib 

centred on a frequency vMch exhibits strong absorption by the gas 
to be ctetected, and the . second waveband is centered on a nearby 
frequency the absorption strength of vMch by the igas to be detected 
is known as a fraction of the absorption strength of the first 
frequency. The successive selection of the first and second 
wavebands can be achieved by a rotating v^eel, or other mechanical 
means, vMch successively present band-pass filters to the beam to 
successively select the first and second wavebands-for -transmission 
along the optical path. ; 

The need for iroving parts in the instrum^ts described is a major 
limitation in the . design of instrunents to meet the environmental 
requirements of industrial sites. Ihis limitation applies to both 
fixed-location and also portable instruments. 

Previous atteirpts to overcome the need for moving parts have 
involved two broad band sources with separate filters to select a 
msasuronent waveband corresponding to an absorption feature of the 
gas to be detected and a reference band to which the gas to be 
detected is transparent. Radiation fron one source is re-directed 
by a beam splitter on to a oonmon optical axis with radiation, fron 
the other source and thence onto a collimating lens from which the 
' oollimated en&rgent beam transverses an open path wherein the gas to 
be detected is present. A reflector returns the radiation back 
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along the same path through the cxjllimating lens and thereafter is' 
diverted by a beam splitter on to a detector. Ite radiation beams 
are separately and differentJ^y nodulated so.^that the detect^ 
radiation at the tvjo waveler^ths can bfe individually deterted. 

In such an arrangenent both sources and detector nust be placed 
close to the focus of the collimating lens or the foci as d^lned by 
the beam splitters, Hhe optical efficiency of .this systan is 
Uinitei fay the fi¥)erture of the ocfllimating liens . Par a practically 
sized lens, this limitation results in operating the eiaorcea at an 
appreciable power level, necessitating a cooling system for the 
equipment and means to prevent cxidatlnri of the metal elements of 
the sources which iirpairs . their emission. Ihis is usually aichieved 
by filling the entire enclosure of the instrument vath an' inert gas 
vAiich can lead to difficulties in servicing and adjusting the 
instrument. 

According to a first aspect of the present invention there is 
provided a gas detector including an arranganent of optical elements 
comp rising a first source of electromagnetic radiation .at a., first. 
waveband, a first collimator to coliimate the radiation of the 
first source into a first oollimated beam; a second source of 
electrcmagnetic radiation at a second waveband, a second collijiator 
to coliimate the radiation of the second source into a second 
colligated beam, a beam oonbiner to oontoine the first and the second 
oollimated- beams, means for passing the .combined dollimated beam 
throu^ a sanple of gas including the gas to be detected, and a 
photosensitive detector for measuring the intensity of the combined 
beam emergent from the gas sample. 

Preferably the first waveband is centred on a frequency vMdi 
esdiihits an absorption characteristic with the gas to be detected, 
and the second waveband is centred on a frequency vrtoich esdiibits a 
different absorption characteristic with the gas to be detected. 
Preferably the absorption of the second waveband is a known ratio of 
the absorption of the first waveband. 
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Olie term "ocnbinijig the beams" is intended to refer to the alignment 
of the beains on a oommn optical axis. 

Ah or each oalliinator prefetch 
retfiector, still prefejjBtoly..^^^^^^ 

Hear the fooai point of vAiich is placed tiie isd^^ of radiatlm 
be ooilimated. Other ooncave-gurfaoiad reflectors may be used to 
give sufficient focusing with finite sized sources and detectors. 
MUlti-fabeted rfeflectxnrs icay £dso be used. 

Itie arrangenent of optical elements is preferably located in a 
seaiable enclosi3re^havi ng a wixildcM transparent to the radiation at 
the jfirst and the, seqand waviaband frequencies. Ihe radiation 
emergent f mm the gas sairple is preferably reflected back into the 
eaiclosufe: a suitably placed reflector. The reflector is 
preferably a retro-reflector. 

It may be an advantage of the invention that the oaribination/ and 
any subsequent splitting or combining of the beains will be effected 
on oolliiTBted beams and hence the distances between the combiners, 
splitters and sources are not critical. Furthermore; additional 
sources, each with a suitable filter, may be added in an optical 
sub-arrangesnent to produce beams of electromagnetic radiation of 
additional wavebands vMch are then addfyi to the odrnbined colliirated 
beam. 

An advantage of using a ooncave-surf aced reflector to produce a 
.ooilimated beam of radiation may be that low power sources, for 
exanple minature filament biilbs, may be placed at or near ,the focal 
point of the reflector thus reducing the problm of heating effects 
produced by the source. 

According to a second aspect of the invention there is provided a 
gas detector ocnprising a substrate carrying an arrangonent of 
optical elements, including at least one source of electroiagnetic 
radiation and at least one photosensitive detector, vterein 
mountings for one or more optical elements are integrally moulded with 




naterials or interf erent gases, such » as for exanple carbon dioxide 
from air. Only this enclosure need be filled vdth the gas or 
contain the dessicant or at^rbing material, if all the optical 
c uipo nents that nay be vulnerable to the atmosphere are contained 



therein. . 

JUxx>rding tp;a;.far^^ 4^ 

' rpcbvided optical' elerients 

X ". iiescriBdd '^^^ Boarqes, . .detector 

' . 'iflid the''''b^ -moulded vdth a substrate 

jtoinit^ (Where e^proprifttte/ the'. 

. '/omca^^ obatiJig deposited 
■ . oh jiresh^pedv)^^^ 

/ A gas detectx)r. aodbridijig^^^ to invention can 

provide an e^g^e^^ orid c^>able of withstanding the 

■'harBh emdx^^ in the on-site detection of 

optical efficiency/ 

alidvdng low;t)b^ are features particularly 
suited for a pbtt^le instrument. 
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A preferred entoodiment of the present invention will now be 
described with reference to the aoocrpanying drawings; in which 

Fig. 1 shows schenatically an cptioal arrangement f or a gas detectdr 
adcording to the present invention 

Fig. 2 shows schenatically a modification of the arrangement bhown in 

Fig. 3 shows schfimatically a further inodification of the arrangement 
shown in Fig. 1 including an . optical sub-arrangement 



Refering to Figure 1, this shows schematically the optical 
arranganent for a detector using t vro sources of radiati on to provide 
two distinct wavebands to detect one gas. 

A first source 21 is placed at the focal point of a first off -axis 
parabolic reflector 23 and a second sourc^Ti" ■Ii~placed at the focal 
point of a second off -axis parabolic reflector 24. Uie radiation 
from each source is oollimated by the respective reflector. A band 
pass, filter 25 is placed in the path of the radiation produced by 
the first source 21 to allow the transmission of a narrow range of 
frequencies of infra-red radiation centred on a frequency vAiich 
exhibits an absorption characteristic in the infra-red absorption 
spectrum of the gas to be detected. Ihe. transmitted, oollimated 
beam: produced by the first sourpe 21 is hereinafter referred to as 
the sanple beam. The beam from the second source 22, oollimated by 
the second off-axis parabolic reflector 24 iirpinges on a reference 
filter 26 inclined at an angle of 45 degrees to the axis of the 
beam. Hhe reference filter is similar to the first band pass filter 
and is selected to transmit infra-red radiation of a narrow range of 
frequencies centered on a frequency at which the absorption strength 
by the gas to be detected is a known ratio of the absorption 
strength of the sanple beam. For example, this ratio may be zero. 



The beam energent fran the reference filter 26 is hereinafter 
referred to as the referenqe beam. Die reference beam is preferably 
centred at a frequency nearby that of the sanple beam so' that the 
tMD brains are siihilary tranfiihitted and reflected througfi the cptickl 

■ 'syEften.'.'. 

The reference filter and beam ccicbiner, 26 also acts as a 
reflector to the sanple beam and effectively ocnbines the sanple 
beam, onbe reflected, vdth the refererioe beam iirto a single * 
oollimated beam. A beam splitter 27 divides the oattoined sanpld and 
reference beam into a transmitted portion and a reflected portion. 
The ttansmitted portion iirpinges on a third off-axis parabolic 
reflector 28 which reflects and focuses this transmitted beam to a 
oorpensation detector 29 located at the focal point of the third 
parabblic reflector 28. 

Alternatively, a non-filtering beam ocaribiner^ 3? may be used in C 
conjunction with a reference filter 39 placed in the path of the 
reference .beam between the second source 22 and the beam oonbiner 
37. This nodification is show n in- Figure 2* 



The portion of the oanbined oollimated beam reflected by the beam 
splitter 27 passes norrtally through a parallel-sided window 30 to 
traverse an optica l pat-,h thimaigh a mixture of gases including the 
gas to be detected. The beam emergent from the gas sanple is 
reflected by a retro-reflector 32 to return throuc^ the gas sanple 
along the optical path 31 and throuofi the window 30 to the beam 
splitter 37. The return beam is transmitted by the beam splitter 27 
to be focused by a fourth off-axis parabolic reflector 33 to a 
measurement detector 34 located at the focal point of the fourth 
parabolic reflector 33. 

Each of th& four off-axis parabolic reflectors 23, 24, 28 & 33 
ocaipripes a reflective coating deposited on a surface of a substrate 
forming part of an optical blod cjS* The m o u ntings for the first 
and second sources 21 &-22., the band pass filters 25 & 26, the beam 
splitter 27, the window 30 and the detectors 29 and 34 are 



integrally formed with the substrate forming part of the optical 
■block, '.r- ^ ■ : - 

'fj&c^'^ eleniants or.mcait^ v ;: 

surfaces for reflectors. ^Ehe' remaining, f^ces of the blook |can ]^ , 
separately formed and attachad to the. integrally moulded' feu?e(6);^^^^t^^^ 

• ■ form ; a ; gEiis?-^ic^xt ■ 6,eal-.: /' , ln'^^'anpther . arbodim^ ■ • ,the ' ero^.^blodk,?^ , . ' 

,,flilvinteg^^ ;:rw;}/:;';:;yv,.-,^: ■■ . 

Uie surf ab^ of the parabolic reflectors 23, 24, 28 tod 33 are 

f brnpied by of a: reflective iTateriiJ.;^^^^^ ^ 

' : po^prh*^'; shaped ■ f aloes ' of ' the substrate ■ A ' suitaiile ; ' ■ 

. feflectiw;m such as aluminium, v^ch. provides an 

' acceptaSiiB' ref 1 The d^sited metal may be' additionally 

coated in a protective layer of,- for exanple, magnesium fluoride or 

silicon oxide. 

In the present embodiment, t he optical block is ocmpletely seale d 
"and filled^th ISry" fiOjTor inert: "gas isuch"as' nitrog^ can" 
also be fitted vath chemical dessicants or chemical absorb^ to 
prevent corrosion or. oxidation of the reflecting surfaces and to 
remove spectrosoc3pic iriterf erents . ) 

Only the optical block is filled vdth dry air or inert gas. *lhe 
power simply and electronic circuitry are contained in a separate 
part of the instrument and are thus easily accessible for 
limntenance. 

Ihe vdn±iw 30 is formed of a material v*u.ch transmits the 
reference beam and the sanple beam with mininum absorption. For 
exanple, in the detection of methane, a suitable window material is 
calcium fluoride which is transparent to both the reference beam and 
the sanple beam, characteristically of wavelength 3.0 and 
3.3 urn,, respectively. The window nay be secured directly to the 
optical block, for exanple by adhesive. Alternatively, it may be 
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held by clarrping means which include meeuis for producing a gas seal 
between the cptickl block and the windcw, for exanple an *0' ring 
seal._ . 

Die length of the optical path 31 thrbu^ the gas ndxture xnay be 
varied, The retroreflector may be integrally formed with the 
instrument • Alternatively it may be separately located to allow for 
a long open optical path 31. For enixxUjpnents having an ixxtegrally , 
formed retroreflector, the lensgth of the optical path 31 bay be 
altered by mechairiical means, suda as for exanple spao^- of a^ screw 
mechanism. The adjustment jfieans are located outside the sealed 
optical block and henoe .xray be easily adjusted without the risk of 
disturbing the inert atmosphere in the block. Ihe adjustment . 
allows for acocaTmodation of a range of sensitivities of detection and 
for optimisation of the sensitivity of detection for any one given 
gas. It will also permit the detection of different gases that 
absorb the sanple beam to different extents. 

\ 

i The advantage of using a retro reflector 32, such as an array of 

4_C3Dm€r jQibeS/ is . that-the. nesi f or^accurate alignment of a plane 

; minor reflector at a normal to the oarribined oollimated beam is 
; avoided. A plane mirror accurately aligned to reflect the 
j combined oollinBted beam falling nomally thereon could of course be 
\ used instead of a retro-reflector. 

One of the advantages of using an optical source placed at the focal 
point of an off -axis reflector is that small low power sources, 
such as minature filament bulbs, may be used, and the problem of 
countering the heating effect of a larger bulb is reduced. 

T!he first and second sources 21 and 22 are modulated by sequential 
pulsing .so that the signals produced by the oortpensator detector 29 and the 
measurement detector 34 can be processed to eactract signals 
corresponding to the intensity of the sairple beam and the reference 
beam. 13ie sources are preferably pulsed with a selectable mark to 
space ratio. 
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j'iyiiiroe^ tob^ be solid state li^ emitting 



;JcTU^^^^ -..,::[ '. 

f cirei^ itita:M' d4» optical surfaces, by . varying the 
mark to space -ratib^f . tte pulsing of the source to maintain the 
power level sensed at the* measuring detector. Its plaoanent at the 
focal point of a parabolic reflector means that, a small detector can 
be used without loss -of- efficien^ft, - . 




-'■'^'^■'0Mt^ 'McUatiim^^ the 

' V'^thS^ : f ilter:44.: to select 

\ - ■T&dij^^ ^^^^^^^ fpr exanple, 

"ate^rjili^ to be detected, the second gas 

being in thetini^^ first gas. 

f^At&ix^^^^ ^ ^^^^ ^^^^ 

astre^sp(^ ^ ^ absorption spectrum of 

;\:v.This' 81^:^^^^^ the: optical- blodc between the 

reference- fiit^^ 2^^^ beam splitter 27 to adiieve 



c»rbiiiation of the oolliirated beam fron the fifth parabolic 
reflector 42 vdth the oonpbined oollimated sanple and reference 
beatiB^ .' 42 is siinilar to tiie other . 

tuhd oon^ises a reflective cipatiiigiidE^^ an 
d .Burface of thie siib^tratiB fprinliig part of t±te pptiGal bLojidtiv.^ / 
Siirdlarly/ the npuntings f or the third source 41^ the third filter 
44 arid tjhe further beam oanbinfer 43 are integrally formed vdth .the 
substrate;.- ■ 

it .lid^ additioinal 601^ 

vdtifi a bah^ filter/ 'tb' seilect a po^edieteid^^ v^Kveband/ and a 

opnCTyer^^ reflector to prodube a oollimated beam, which 

' bem^^'i^^^^^^ and reference b|^, 

cbiildvbe; used' i^^ gas detector to detect any nurrber of gases or 
to dtetect .a absorption of ar^ number of characteri|rt:ic 

absorptions of the gas, by suitable selection of waveband frequency. 

The instrument described has relied on the absorption of infra-red 
radiation but it will be appreciated that the concave-surfaced 
reflectors, the retro-reflector, the detectors and the window are 
not wavelength specific and by suit:able~selectI6h of beam splitters, 
beam combiners, sources and filters, the optical arrangement is 
suitable for measuring the absorption by ^es, v^xDurs or liquids . 
of radiation of wavelength in the general range of ultra-violet to 
infra-red (from approx. 200 nm to 20000 rim). 



- 12 " 



CLAIMS 

1/ ; A gas dete^ ixiciuding an artahgern^ . 

odnprising a first aouroe'of electonBgrietdc.m 

freqiieniy, a first ooilimator to cadlllmate tha radlfttion prdduoBd ty 

the first source into a first collimated beam, a ©eofand source of 

electronagnetic radiation at a eeoord ifreguency, a sepppdl ' 

cK^iyiTTiftt^ to ooliiinjitls the ra<ilAtiorl iiftb^ 

into k seoohd aollimated beani, an beam oiibiriear.to ocaribine 1^ first 

and secofnd dpliimated beams, means, fcir passing tie oonbined 

col linvated beam thrdu^i a sanple of gas to be detected and a 

pihotosensit^^ detector for measuring the intensity of 

the caiibired beam energent frcam the gas saitple. 

2. A gas detector according to claim 1, v^Aierein the detector is of 
the type that selectively measures the intensity of the radiation at 
the first waveband and the intensity of the radiation at the second 
waveband. 

3. A gas detector according to any of the above two claims, wherein 
the emission from the first and second sources is modulated. 

4. A gas detector according to any of the above claims, further 
including a oanpensator detector. 

5. A gas detector according to claim 4, further ooffiprising a beam 
splitter positioned in the path of the combined collimated beam to 
divide the input beam into tvro output beams, one of which is passed 
to the ocnpensator, detector. 

6. A gas detector according to any of claims 4 to 5, wherein the 
ocnpensator detector is placed at or near the focal point of a 
concave-surfaced reflector. 

7. A gas detector according to any of the above claims, further 
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including a reflector to reflect the beam ^nergent fron the gas 
eatple back therethrough. 

i^tro-reflecbor." .'} ;''.; ■ 

9. A gas detector according to any of clains 7 to 8, v4ie?r^ 1*e 
iif l«±pr is an integral part of the arrangen^ of optical . • 

10. A gas detector aboording to any of claims 7 to 8, Wherein the. : 
■reflector is separate fmn the arrangan^ of <?ptical elements. 

11. ■ A gas detector according to any of the above claims, vAierein an 
or each collimator ocnprises a concave-surfaced reflector at the 
focal point of vhich is situated the source of radiation to be 
oollimated. 

12. A gas detector according to any of the above claims, wherein an 

»^ «!.J-i so urc e of ely^^gn^t^tr-radiation ooni^ises a.taoadband 

source the output of which is passed through an optical band pass 
filter to select a predeterndned frecpaency of radiation before being 
conbined at the beam oonobiner. 

13. A gas detector according to any of claims 1 to 11, wherein an dr 
each source of electrtinagnetic radiation oonprises an unfiltered 
source of narrow band width. 

14. A gas detector according to any of claims 1 to 11, wherein an or 
each source of electronagnetic radition oorprises a light emitting 
diode source of narrow band wixith. 

15. A gas detector according to any of the claims 1 to 12, vrtierein an 
or each beam qaibiner also acts as a filter to select a 
predetermined waveband of electromagnetic radiation. 



16. 



A gas detector according to any of the above claims, wherein 
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the first wav^»nd is centred on a frequency vdiich erfiibits an 
aI?sorption characteristic with the gas to be detected, and the 
second wav^aanl is centred on a frequency vhidi exhibits a different 
j^i^rti^ be 'detected. ' ^ i^,. ' v 



: i7. A gas detector acxnrtLlng to 15, «i^ein the hl^^ 

the second wavdMnd is a ki»wn ratio of the absorption of the fdrst,, 
WBW^tand- . ■. ; ^\ . . ■ -.'.V,;' 

• i8_. > A; gps;' detector 'accsa^' to ■any.. P^' -ttB-'aboye'^ clalaB^;vh^ap6ln. ' ■ ■; 
•SB.piiAcfie^^ in6aaa«iitat;:dB^^ pr. near.-the • ■ 

iEcxial pbiJit of a ooncave-BuifaoBd re^ - 

■19. A gas detector according to any of claims 6 to 18, yiherein tlie 
. concave-surf ao^ reflector is an off-axis paraboUc reflfector. 

20. A gas detector according to ary of the above claims, further 
ocstprising a third source of electranagnetic radiation at a third 
frequency, a third oolliinator to collimate the radiation of the 
third source into a third oolliitatad beam and means for oatibimng 
the third '<»^1 liroated biam . 

21. A gas detector according to claim 20, vAierein the means for 
cottoining the third beam with the oonbined beam oonprises a beam 
contoiner. 

22. A gas detector according to ai^ of the above claims, wherein an 
or each t^cal element in the arrangement which is not a reflector 
is held by a mounting which is integrally formed with a substrate. 

23. A gas detector according to claim 22 containing a reflector 
vAiich is a integral part of the arrangement of optical elements, 
wherein the reflector is integrally formed with the substrate. 

24. A gas detector according to aiyiof claims 22 to 23 including 
at least one concave-Burfaoed reflector vAierein an or each concave- 
surfaced reflector conprises a reflecting coating deposited on a 



^^■i^mfaae d£ the substrate. 




^8* A gas detector acx»r4iiig to claim 27, in v*iich the optical 
elements include at least one reflector vMch ocirprises a reflective 
coating deposited on a surface of the substrate. 



29. A gas detector according to claim 26, v^ierein the reflective 
coating is a layer of aluminum. ~ 

30. A gas detector acoordihg to claim 28 or 29, wherein the 
reXect^vi^^^ le^rer, suc^i as 

. inagnefidiin 

31. A gas detector of claims 27 to 30, wherein the 
substrate i^ formed .frOT a plastics material. 

32. A gas detector acsoording to any of claim^ 27 to 31, in vMch 
the substrate forms a, sealed housing for the optical elements. 

33. A gas detector acbbr^^ to claim 32, in which the housing is 
filled with ah insi^vg^ dessicant or other absorber. 

33. A gas detector siibstaj^^ as . hereinafter described with 
reference to the acooipanyihg drawings. 
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